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its historical range extends 
along the subtropical coasts 
of both North and South 
America with only occasional 
and temporary appearances at 
latitudes higher than 40 degrees.
The squid feed 
opportunistically on a 
broad range of surface and 
deep- water fish, crustaceans 
and squid, many of which 
undertake vertical daily 
migrations of several hundred 
metres pursued through these 
depths by the Humboldt squid, 
which shows that it can tolerate 
the much colder temperatures 
at these depths. In turn, the 
squid is favoured prey for 
tuna, marlins and other billfish, 
sharks and toothed whales. But 
numbers of tuna and billfish 
have declined substantially as  
a result of fishing pressure.
Reporting in Proc. Natl. 
Acad. Sci. USA online, Louis 
Zeidberg and Bruce Robison 
at the Monterey Bay Aquarium 
Research Institute at Moss 
Landing, have studied the video 
observations made during 
monthly dives of a remotely 
controlled vehicle. Observations 
began in 1989 but no squid 
were observed until 1997, 
associated with an El Niño 
event and some persisted until 
the following year. Very few 
were then seen until 2002 when 
they returned in abundance, 
associated with a small El Niño 
event, and they have remained 
there ever since.
Hake were also observed by 
vehicle cameras in abundance 
until the arrival of the squid. 
Numbers now seen are very 
low, the authors report.
Multiple factors seem to 
be involved in the squid’s 
range expansion. “The 
present situation off central 
California appears to be that 
of a physiologically tolerant 
species with a fast generation 
time that has moved into a 
new area during a period 
of substantial, climatic, 
oceanographic and ecological 
changes,” the authors write. 
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Stepping of 
the forelegs 
over obstacles 
establishes long-
lasting memories 
in cats
David A. McVea and  
Keir G. Pearson
Although visual input is used 
heavily during locomotion 
[1], intermittent visual input 
is sufficient for most walking 
tasks. A number of techniques 
provide evidence that suggests 
that short-term visual memory is 
used to fill in the resulting gaps. 
When stepping over obstacles, 
for example, humans fixate the 
obstacle primarily one or two 
steps before they reach it [2], 
and removing their vision during 
the step over the obstacle does 
not affect their ability to step 
over it accurately [3]. Walking 
cats consistently look two or 
three steps ahead when walking 
[4], and can continue stepping 
accurately among obstacles for 
about four steps when visual 
input is suddenly removed [5]. 
This use of short- term memory 
raises questions pertinent 
for those interested in the 
neurobiology of walking as well 
as those interested in memory 
in general. Our laboratory has 
begun to exploit the fact that 
walking quadrupeds must rely 
on some form of visual memory 
to guide their hind legs over 
obstacles. Our experiments show 
that stepping over obstacles 
triggers long-lasting memories  
in walking cats.
We devised a simple 
experiment in which we stop cats 
after the forelegs, but not the 
hind legs, have stepped over an 
obstacle (Figure 1A, left). During 
a delay period (in which the cat 
is distracted by food) we lowered 
this obstacle into the walking 
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Figure 1. Long-lasting memories are formed when cats step over obstacles with their 
forelegs.
(A) Cats were stopped either after stepping over (left), or immediately before stepping 
over (right), an obstacle (height ~7 cm). While distracted by a food dish, the obstacle 
was lowered into the walking surface (dotted line shows the initial obstacle position). 
(B) Maximum hind leg step height (measure at the toe) for different pause durations for 
two cats. When the cats straddled the obstacle (solid circles) the step remained high 
independent of pause duration, indicating a long-lasting memory of the obstacle. When 
the obstacle was not straddled (open circles), the step height became more variable 
and lower after short durations, indicating no consistent memory of the obstacle. 
 Dotted lines in the two panels show the average hind leg step height during steps with 
no obstacle (standard deviations indicated by width of grey bars).
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Figure 2. Visual input is not necessary for the formation of long-lasting memories of 
obstacles. 
(A) While distracted by a food dish, a clear rod (~7.5 cm above walking surface, shown 
by black dot) was placed in front of the cat’s forelegs (left). By moving the food dish 
forward, the cats were encouraged to step forward, touching the rod with the foreleg, 
and eventually straddling it (right). The rod was subsequently removed. (B) Maximum 
hind leg step height of the leading step over the position of the rod for a range of pause 
durations for three cats. Note the maximum hind leg step height on most trials was well 
above the heights on control trials with no obstacle (dotted lines in the three panels, 
standard deviations indicated by width of grey bars).surface so that the animal could 
not receive any further visual or 
cutaneous feedback related to 
the obstacle. The subsequent 
step allowed us to infer whether 
the animal remembered having 
stepped over the obstacle with 
the forelegs. We made the 
surprising observation that cats 
remember the size and location of 
an object straddled between their 
front and hind legs for very long 
periods of time, up to at least ten 
minutes [6] (see also Figure 1B 
for examples of memories lasting 
for more than 1 minute). This is 
much longer than the duration of 
working memory of cats reported 
to date [7].
One relevant difference 
between the long-lasting memories we observed and 
other, shorter-lasting, working 
memory tasks is that in the 
former case the memory 
represents an object straddled 
between the forelegs and 
hindlegs. This raised the 
possibility that the long-duration 
memories of straddled obstacles 
may depend in some way on the 
movement of the forelegs. To 
test this hypothesis, we repeated 
the experiment described above 
in three additional cats except 
we stopped the cats just prior 
to stepping over the obstacle 
(Figure 1A, right). We distracted 
the cats with a food dish, which 
prevented the cats from seeing 
the obstacle as it was lowered. 
Figure 1B shows the maximum height of the hind toe for cats 
1 and 2, for a range of different 
pause durations, both after 
straddling an obstacle and 
after stopping in front of an 
obstacle. The data for cat 3 were 
less extensive but qualitatively 
similar. The maximum hind-leg 
step height was consistently 
higher than the obstacle height 
for all pause durations when the 
obstacle was straddled during 
the pause, thus confirming our 
earlier observation [6]. 
For pause durations greater 
than a few seconds, however, the 
maximum hind leg step height 
was generally much lower when 
the animal was paused in front 
of the obstacle compared to 
when it was paused straddling 
the obstacle. For longer pause 
durations when the animal was 
paused in front of the obstacle, 
there often appeared to be a 
complete loss of memory of 
the obstacle as indicated by 
maximum hind leg step height 
being close to control values 
(dashed lines in Figure 1B). We 
also noted that when the animals 
did not straddle the obstacle 
the maximum step height of the 
forelegs decreased for longer 
pause durations. In fact, there 
was a strong correlation between 
the maximum step height of a 
foreleg and the ipsilateral hind 
leg (the r2 values for the three 
cats were 0.83, 0.72 and 0.64).
We further tested whether 
foreleg flexion over an obstacle, 
in the absence of visual input 
about the obstacle, would 
establish a long-lasting memory. 
To do this (see Figure 2A), we 
inserted a thin, clear, plastic rod 
in front of the forelegs of cats 
while they were distracted by 
a food dish. When we moved 
the food dish forward, the cats 
struck the rod with their forelegs 
and stepped over it. We then 
paused them again and removed 
the rod. At this point, they were 
in the position of straddling 
an obstacle that they had 
stepped over with the forelegs, 
but had never seen. When we 
encouraged the cats to walk 
forward, we could again record 
the trajectory of the hind toe to 
determine if they remembered 
the obstacle. Three cats were 
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Biological 
components of 
sex differences in 
color preference
Anya C. Hurlbert and Yazhu Ling
The long history of color 
preference studies has been 
described as “bewildering, 
confused and contradictory” 
[1]. Although recent studies 
[1–3] tend to agree on a universal 
preference for ‘blue’, the variety 
and lack of control in measurement 
methods have made it difficult to 
extract a systematic, quantitative 
description of preference. 
Furthermore, despite abundant 
evidence for sex differences 
in other visual domains, and 
specifically in other tasks of 
color perception [4,5], there is 
no conclusive evidence for the 
existence of sex differences in 
color preference. This fact is 
perhaps surprising, given the 
prevalence and longevity of the 
notion that little girls differ from 
boys in preferring ‘pink’ [6]. Here 
we report a robust, cross- cultural 
sex difference in color preference, 
revealed by a rapid paired-
comparison task. Individual 
color preference patterns are 
summarized by weights on the two 
fundamental neural dimensions 
that underlie color coding in the 
human visual system. We find a 
consistent sex difference in these 
weights, which, we suggest, 
may be linked to the evolution of 
sex-specific behavioral uses of 
trichromacy.
We employed a simple, 
forced- choice ‘color-picking’ task 
with colorimetrically controlled 
stimuli separating the relative 
contributions of hue, saturation 
and lightness. Observers used a 
mouse cursor to select, as rapidly 
as possible, their preferred color 
from each of a series of pairs of 
small colored rectangles presented 
sequentially in the center of an 
otherwise neutral CRT display. 
(See Supplemental data available 
on-line with this issue for details of 
experimental procedures). 
We tested 208 observers, aged 
20–26. The main population (171) examined in this task: two were 
the same animals providing data 
shown in Figure 1B (cats 1 and 
2), and the third (cat 4) was only 
tested in this task. The results 
for the three animals are shown 
in Figure 2B. With cat 1, the 
maximum step height remained 
higher than control values and 
usually higher than the rod height 
for all time durations we tested. 
With cat 2, the maximum step 
height was quite variable during 
longer pause durations (over  
5 seconds) but remained higher 
than control step height in the 
majority of trials. With cat 4 there 
was also some variability, but on 
most trials the maximum hind leg 
step height was also higher than 
the height of the rod and well 
above control values.
By comparing the step 
heights when cats pause 
either immediately in front of 
an obstacle or straddling an 
obstacle, we have shown that 
stepping over an obstacle with 
the forelegs is necessary to 
create long-lasting memories to 
guide the hind legs (Figure 1). 
We have also shown that visual 
signals related to the obstacles 
are not essential for this process 
(Figure 2). This is strong evidence 
that a neural signal related to 
the stepping of the forelegs is 
responsible for the activation 
or enhancement of additional 
structures of the nervous system 
to produce a long-lasting 
memory. There are two possible 
sources of such a signal: the 
feedback from cutaneous, 
muscle, and joint afferents which 
can signal the position of the 
limb [8]; and the output of motor 
systems which enhance foreleg 
flexor activity when stepping over 
obstacles [9]. We consider the 
latter hypothesis the most likely 
as it is consistent with theories 
of movement control in which 
motor control signals are used to 
predict the resulting movement 
and the associated sensory 
feedback [10–13]. 
The significance of this finding 
is that it clearly provides an 
example of a signal related to the 
movement of the limbs (forelegs 
in this case) being used to 
update the representation of the 
location of obstacle close to the body. We believe that the activity 
from the motor and/or sensory 
systems provides a positive 
signal that an obstacle is located 
between the fore and hind legs, 
and thus extends the duration 
of the neural representation of 
this obstacle until the hind legs 
step over. This simple behavior 
provides a convincing example of 
movement signals being used to 
update the neural representation 
of external obstacles and offers 
a good system to explore the 
neural structures involved.
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